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Abstract 
The safety implications of car-truck speed limits have not been adequately researched for two-lane highways.  On two-lane 
highways speed controls can have a significant effect on vehicles interactions. Two different types of speed control strategies 
are considered:  Uniform and Differential. Safety implications are considered using three overtaking-related indicators: 
Number of vehicles overtaking, 2) Percentage time spent in “desire to overtake mode”, and 3) Average Time-to-Collision 
with the on-coming vehicle prior to returning to the original lane. Vehicle interactions affecting safety are estimated through 
the application of a calibrated microscopic traffic simulation model to a 6Km straight segment of two-lane highway. 
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1. Introduction 
A number of researchers, such as Evans [1] and Elvik [2], have argued that speed is the single most important 
factor affecting the frequency and severity of highway accidents. The deterrence of unsafe operating speeds is 
viewed as being a key objective for reducing both the frequency and severity of crashes, and the conventional 
way to do this is through “posted speed limits”. Highway design or geometric restrictions are the main factors in 
setting appropriate posted speed limits that are normally applied to all types of vehicles. Given size and weight 
differences between cars and trucks and special maneuverability characteristics associated with these two types of 
vehicles, uniform speed limits may be inappropriate to account for all potential safety problems. Recognizing the 
more restrictive maneuverability of large trucks, differential speed limit (DSL) strategies are used to address this 
issue. DSL normally sets the maximum speeds for trucks at about 10–15 km/h lower than for cars for the same  
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highway conditions. For instance, in Michigan the posted speed limit for trucks has been set at 16 km/h lower 
than for cars (60 versus 70 mph respectively) on rural interstates highways [3]. 
In most jurisdictions, DSL control strategies tend to be discretionary in nature, in that they invariably depend 
on compliance among the various drivers in the traffic stream (cars as well as trucks). Compliance with speed 
limits depends on many factors including, degree of enforcement, traffic conditions, driver attitudes, etc. Johnson 
and Murray [4] found that in certain DSL jurisdictions compliance rates were low (e.g. similar speed distributions 
as per USL state), while other DSL states compliance was found to be higher. Lack of compliance can have a 
significant effect on safety for both compliant and non-compliant vehicles. Given the severity of accidents 
involving large trucks, truck compliance to DSL is especially important. A study carried out by FMCSA [5] in the 
U.S. noted that excessive speeds were the primary factor in 22% of fatal crashes involving trucks.  
Recently, a number of jurisdictions have recognized this issue and have required all trucks to be equipped with 
maximum speed limiters. A limiter is a built-in microchip that limits the maximum revolutions that an engine can 
achieve thereby restricting the maximum operating speed of the vehicle. Trucks equipped with limiters are 
assumed to be 100% compliant with truck speed limit. A common belief is that DSL increases speed variance in 
the traffic stream, and this becomes more pronounced where trucks are equipped with limiters. Solomon [6] found 
that a U-shaped relationship between the crash involvement rate and the amount of deviation from the average 
speed. Increased variance may lead to increased number of accidents, especially accidents involving (non-
compliant) cars and (compliant) trucks. However, other factors may act to mitigate the effect of speed variance on 
safety, for example, lower crash severity, improved lane discipline on freeways and changes in the pattern of 
overtaking for two-lane highway operations.  In a recent study by Hanowski et al. [7], more than 15,000 truck 
crash data from 20 truck fleet (approximately 138,000 trucks) were analyzed to investigate the effect of MSL on 
truck crashes that could have been avoided with activation of the speed limit device. The findings showed a 
significant reduction in speed limit related crashed (approximately 50%) for trucks equipped with the speed 
limiter compared to trucks without the speed limiter. For discretionary differential speed limits, some studies 
show negative safety impacts, while others indicate positive or negligible impacts [8][9][10]. 
Most of the studies concerning the impact of DSL on road safety have adopted statistical before-and-after 
approaches. One of the major flaws of the statistical approach concerns limitations placed on the analysis by the 
available data, especially as it relates to levels of compliance to speed limits.  The use of microscopic traffic 
simulation platforms in conjunction with surrogate safety measures provides an alternative approach for studying 
the safety implication of uniform and differential speed limits. Saccomanno et al. [11] discuss the advantages of 
this approach in their study of DSL and MSL strategies applied to freeway operations. 
Two-lane highway operations pose special challenges for safety performance. Lamm et al. [12] reported that 
more than 60% of accident fatalities took place on rural two lane highways. According to Highway Safety 
Information System [13], overtaking related accidents on rural two-lane highways tended to be more serious. The 
FHWA reported that 13.9% of overtaking-related collisions on two-lane highways resulted in fatalities or serious 
injuries, as compared to 9.4% for all accidents on this type of road. Hauer [14] has shown that increases in the 
number of overtaking maneuvers correlates with increases in accidents probability. Vehicles seeking to overtake 
can be more at risk of rear-end accident due the tendency of drivers to maintain shorter headways prior to 
overtaking. This is suggested by Hegeman [15] who found that the headway between the overtaking and 
overtaken vehicles prior to overtaking can be as low as 7.7 m (~0.35 s). Therefore, one of the major aspects of 
two-lane highway traffic operations is the need to provide safe overtaking opportunities. The implementation of 
differential speed limit strategies on two lane highways can have significant effects on interactions between cars 
and trucks especially in overtaking maneuver and the special safety problems this may pose. This has not been 
researched adequately so far. Normally, speed limits are set to be lower for two-lane highways than freeways.  
The objective of this paper is to assess the safety implication of three speed control strategies applied to two-
lane highway operations: uniform speed limits (USL), differential speed limits (DSL) and differential speed 
controls with truck speed limiters (MSL). The major issue separating DSL from MSL is separate compliance 
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assumptions for trucks and the effect this has on vehicle interactions. Safety performance of USL, DSL and MSL 
are evaluated using a calibrated microscopic traffic simulation model that includes car following and overtaking 
driving regimes. The model is applied to a 6 Km straight stretch of two-lane highway for level and downgrade 
geometric segments. Traffic volumes ranged from 100 vph to 1500 vph per direction. Safety performance is 
evaluated using three overtaking indicators: 1) Number of vehicles overtaking (NOT), 2) Percentage time spent in 
“desire to overtake mode” (PTOD), and 3) Time-to-Collision (TTC) to the opposing vehicle prior to return, 
assuming the overtaking vehicle proceeds in the opposing lane. 
2. Overtaking simulation model for two-lane highway 
Overtaking behavior is the most complex driving regime experienced in two-lane highway operations and 
plays an important role in its simulation. Any changes in overtaking behavior can significantly affect the traffic 
and safety outputs of the simulation model. For the overtaking model developed in this study, we have defined 
five operational stages: catch-up, desire-to-overtake, acceptance or rejection of overtaking gap, passing, and 
return-to-travel-lane.  
The catch-up stage refers to the time interval during which the overtaking vehicle approaches the vehicle 
being overtaken and matches its speed in a car-following state. If the desired speed of the overtaking vehicle is 
significantly higher than the operating speed of the overtaken vehicle and their spacing is less than a given 
threshold, then the “desire to overtake” is triggered, after which the overtaking driver will search for a “safe” gap 
in the opposing traffic stream to initiate the overtaking. The relationship between gap sizes and sequencing in the 
opposing traffic stream is central to a functional overtaking gap acceptance model. The overtaking gap can be 
defined in terms of the distance separating the vehicle desiring to overtake and the first vehicle in the opposing 
direction (if any) at the moment that the gap becomes available. This assumes that the overtaking vehicle is in 
“desire-to-overtake” mode. Various methods have been investigated for modeling this overtaking gap acceptance 
logic [16][17][18][19]. The logic depends primarily on how drivers “perceive” the available gap in relation to the 
time required to safely complete the overtaking manoeuvre (i.e. pull out, accelerate, pass, and return to original 
lane). The overtaking gap acceptance is also dependent on several factors, such as,  speed and acceleration of the 
three involved vehicles (overtaking, overtaken, and oncoming), arrival sequence and type of gaps  (sight distance 
or opposing vehicle), as well as road and weather conditions.  
In our model a “surrogate” safety-based decision variable referred to as the Time-to-Collision (TTC) 
encapsulates a full spectrum of the gap acceptance logic. TTC refers to the “time-to-collision” between the 
overtaking vehicle and the oncoming vehicle at the moment that the overtaking vehicle returns to its travel lane 
(completion of maneuver). The assumption is made that each driver has a critical or minimum acceptable gap 
(i.e. critical TTC) with an assumed probability distribution (e.g. normal). The parameter values of this 
distribution can be established from observed traffic flow data. The decision to accept or reject an available gap 
can be modeled based on available TTC gaps greater or less than critical for a given driver aggressiveness or 
impatience.  
Once the available  TTC gap is accepted, an overtaking driver proceeds to pass the slower moving vehicle, 
accelerating to a maximum passing speed which we refer to as the desired “overtaking” speed. The desired 
overtaking speed is expected to be higher than the normal desired travel speed since an overtaking driver will not 
wish to linger unnecessarily in the opposing lane, and has been set to around 15% higher than normal desired 
speed. For the return stage of the overtaking maneuver, the overtaking vehicle continues to travel in the opposing 
lane until it reaches a “safe” separation with the vehicle being overtaken, at which point it will pull back into the 
normal travel lane. A more detailed description of the overtaking model and its underlying mathematical 
expressions and calibration results has been provided in Ghods et al. [20]. 
In this study, a micro-simulation program has been developed and calibrated to simulate traffic operations on 
two lane highways. In addition to the overtaking model, the simulation framework consists of the Gipps car 
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following model [21] and an additional model relating speed profile to highway vertical grade. A time-base 
scanning simulation approach is used, such that for each simulated time increment (1 second), the position and 
speed of each vehicle is established accordingly. 
3. Case study and simulation inputs 
A case study simulation is carried out for a six kilometers segment of two-lane highway with overtaking 
permitted in one direction as illustrated in Figure 1. The first one kilometer on each end of the segment is 
considered as the warm-up zones and will not be considered in the simulation results. Two grade profiles are 
considered: level and +3% grade for direction 1 with -3% grade for direction 2. Unlimited sight distances are 
assumed where overtaking is permitted. Since we assume that overtaking is not permitted in direction 1 (+3% 
upgrade), only the results of direction 2 (level and -3%) are considered. 
 
Fig. 1. Case study highway segment 
 
The simulation period is 70 minutes in duration, including a 10 min warm-up interval. Averages of 10 runs 
were carried out for each speed control strategy (USL, DSL, and MSL). In the simulation, the input traffic flow 
varies from 100 vph to 1500 vph per direction with 15% trucks, and a 50-50 directional split is assumed.  
Table 1 presents the distribution of car and truck free flow operating speeds (desired speed) assumed for this 
case study with the corresponding speed control strategies. For the USL strategy the maximum posted speed is 
set at 90 km/h for both cars and trucks. For this strategy we assume that the distribution of speeds has a mean of 
90 km/h for cars and 85 km/h for trucks. For this strategy 50% of cars and 31% of trucks are assumed to exceed 
the posted limits. 
For DSL the maximum posted speeds are set at 80 km/h for trucks and 90 km/h for cars with the corresponding 
assumed operating mean speeds of 80 km/h and 90 km/h for trucks and cars respectively. DSL does not change 
the percentage non-compliant cars, but it increases the non-compliance trucks to 50%. The effect of the DSL is 
assumed to reduce the truck mean speed by 5 km/h. The introduction of MSL has the effect of shifting the DSL 
non-compliant trucks that are above 85 km/h (MSL threshold) into a skewed speed distribution shown in Table 1. 
The effect of the individual vehicle interactions and associated speeds is the result of a complex process that 
can be only captured using simulation and cannot be explained by a simple analytic process. For the simulation 
period, the number of overtaking maneuvers (classified by vehicle type), percentage time spent in desire-to-
overtake prior to initiating the maneuver, and the average time to collision (classified by overtaking type) were 
estimated. 
4. Discussion of results 
For the three speed limit strategies, Figure 2 illustrates the relationship between volume and total overtakes, 
overtaking rate, number of overtakes for car-car/car-truck, average TTC, PTDO, and average speed for the level 
segment. The number of truck-truck and truck-car overtakes are few and were eliminated from these results. As  
Direction 1
Direction 2
6km
1km1km
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Table 1. Distribution of desired speed for cars and trucks for the speed limit strategies 
USL 
 Car Truck  
Posted 
speed 
(km/h) 
90 90 
Mean 
operating 
speed 
(km/h) 
90 85 
DSL 
 Car Truck  
Posted 
speed 
(km/h) 
90 80 
Mean 
operating 
speed 
(km/h) 
90 80 
MSL 
 Car Truck  
Posted 
speed 
(km/h) 
90 90 
 
Mean 
operating 
speed 
(km/h) 
90 85  
(Max 85) 
 
 
the volume increases, the number of overtakes increases parabolically with volume to a maximum at around 900 
vph and then decreases thereafter. As the volume is increased initially, the speed of vehicles is impeded 
encouraging more vehicles to overtake; while the availability of safe gaps in the opposing direction is still 
acceptable. However, with further increases in volume the gaps in the opposing direction are reduced and 
becoming less safe. This results in a reduction in the number of overtakes at high volumes. An interesting 
observation concerns the relationship between overtaking rate and volume. The highest rate takes place at around 
300 vph well below the volume associated with the maximum number of overtakes (900 vph). The total 
overtakes and the overtaking rate is slightly higher in DSL and MSL strategies as compared to USL. For car-
truck overtakes, the introduction of DSL has resulted in upward shift in the distribution for car-truck overtakes 
over the range of volumes considered. This could be the effect of an increase in car-truck speed differential and 
higher car-truck interactions which could lead to an increased in the number of expected crashes. The effect of 
MSL is to increase the number of car-truck overtakes over USL and DSL strategies for the range of volumes 
considered. For car-car overtakes the DSL speed control strategy has an opposite effect on the number of 
overtakes with respect to USL i.e. fewer number of overtakes with improved safety. The effect of slower moving 
trucks in DSL and MSL seems to be acting as a kind of speed calming factor on the traffic stream resulting in 
fewer interactions between cars. The TTC drops rapidly with initial increases in volume for both car-car and car-
truck overtakes. This is a reflection of risk. The highest risk is associated with volumes around 500 vph. As 
volume increase further, TTC increases slightly due primarily to slower moving vehicles in the traffic stream in 
particular opposing vehicles and overtaken vehicles. The effect of speed control strategies on TTC is negligible. 
As expected PTDO increases with volume reflecting higher number of rear-end interactions between overtaking 
and overtaken vehicles. The effect of speed control on PTDO is negligible (although statistically significant) for 
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different volumes considered. As expected the average speed decreases nonlinearly with volume. The effect of 
DSL is to shift this relationship downward with respect to USL. MSL has slightly higher impact in speed 
reduction than DSL. 
One of the issues that needs to be considered in this analysis is how different speed control strategies affect 
safety for changes in the highway grade. In this exercise we have considered a 3% downgrade where overtaking 
is permitted. Since overtaking in the up-grade direction is not normally permitted, the safety implication of 
control strategies in the upgrade direction will not be discussed in this paper.  
Fig. 2. Simulation results of level segment for the three speed limit strategy 
 
The results of the relationship between the safety indicators and volume are illustrated in Figure 3. A similar 
relationship between the number of overtakes, TTC, PTDO, and average speed and volume were observed for the 
downgrade segment. Speed control strategy has a moderate effect on the total number of overtakes and the 
overtaking rate for the downgrade segment. Nevertheless, this effect is more pronounced than for the level 
segment. At high volumes the PTDO for MSL strategy diverges slightly from that obtained from the USL 
strategy; although, the PTDO versus volume relationship is similar to the level segment. The slight divergence 
observed in downgrade could be due to restrictions imposed on trucks by the limiter in MSL resulting in faster 
vehicles being trapped behind slower moving trucks. On the downgrade these cars are restricted from overtaking 
by high volumes in the opposing direction.  
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We would expect the effect of speed control on the considered measures to be affected by the difference 
between USL and DSL speed limit levels as well as threshold in the MSL strategy. This requires further analysis. 
 
Fig. 3. Simulation results of downgrade segment for the three speed limit strategy 
5. Conclusion 
Although differential speed strategies (DSL and MSL) were observed to have a minimal increase in the total 
number of overtake manoeuvres in comparison to a uniform strategy (USL), the effect on the nature of the 
overtakes i.e. car-car versus car-truck was significant. Differential speed strategies increased the number and rate 
of car-truck overtakes over the range of volumes considered in this analysis. This suggests a negative effect on 
safety resulting from differential speed strategy applied to two-lane rural highways. On a positive side DSL and 
MSL strategies have reduced the number of car-car overtakes at different volumes, hence increasing safety. This 
latter relationship suggests a calming effect of slower trucks on the speed of the traffic stream, which results in 
fewer interactions between cars. No significant effect was observed concerning differential speed control 
strategies and both average TTC and PTDO. The effect on TTC was due to volume; highest TTC for car-car and 
car-truck interactions at very low volumes, decreasing to a minimum in the range between 500 vph to 800 vph 
and increasing slightly thereafter. This indicator suggests the highest head-on risk is experienced in the mid-
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volume region. The average speed of traffic decreases in a nonlinear fashion with volume with differential speed 
strategies indicating a downward shift in this relationship. 
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